This study was designed to evaluate the effects of pregnancy on the solubility of halogenated volatile anaesthetics in rat blood and tissues. Tissue samples from 10 pregnant and 10 non-pregnant adult female Sprague Dawley rats, including the heart, liver, kidney and brain, were obtained and made into respective homogenates. Blood/gas and tissue/gas partition coefficients for halothane, sevoflurane and isoflurane were determined by the method of two-stage headspace equilibration by gas chromatography with each of the homogenates. Values were analysed by t-test or one-way analysis of variance. The solubility within blood and brain for halothane in the pregnant group (2.90±0.44, 5.55±0.73) was significantly lower than that of the non-pregnant group (3.42±0.23, 6.33±0.64; P <0.05). However, there were no significant differences between the two groups for liver, kidney or heart solubility. For sevoflurane and isoflurane, there were no significant differences in solubility between the two groups. In conclusion, pregnancy decreased the solubility of halothane within the blood and brain, whereas the solubility of halothane in other tissues including the liver, kidney and heart showed no significant alteration. Pregnancy did not affect the solubility of sevoflurane or isoflurane within blood or the other tissues studied.
Pregnancy is associated with many physiological changes that may affect the pharmacological profile of drugs given to the mother. Several studies have shown a decreased maternal minimum alveolar concentration (MAC) for inhalational agents during pregnancy [1] [2] [3] . The dynamic distribution of any drug within the body is determined largely by its solubility in the various body parts. Knowledge of these solubilities is a prerequisite for understanding drug uptake and distribution, and hence the rational use of that drug. To date, little information is available concerning the solubility of volatile anaesthetics during pregnancy. Therefore, the purpose of this study in rats was to determine blood/gas, heart/gas, liver/gas, kidney/gas and brain/gas partition coefficients for halothane, sevoflurane and isoflurane and to evaluate the effects of pregnancy on the solubility of the halogenated volatile anaesthetics.
MATERIALS AND METHODS
Approval was given by the Committee of Scientific Research and the Institutional Animal Care and Use Committee of Sichuan University. Ten pregnant adult Sprague Dawley (SD) rats at 18 to 22 days' gestation and 10 non-pregnant adult female SD rats were exsanguinated by bleeding from the femoral artery under pentobarbitone anaesthesia. Tissue samples from the brain, liver, kidney and heart (ventricle) were obtained, washed three times with sterile 0.9% saline and stored at 4°C. After the capsule and fascia were carefully removed, each tissue specimen was sliced into small cubes and the total volume of tissue was measured by saline volume displacement. Each specimen was then homogenised (12,000 rpm, 35 minutes) in saline (DY89-1, Xin-Zhi Technology Ltd Co., Ningbo, China). The volume of saline was five to 10 times the volume of the specimen. The homogenate was filtered through a 4 mm 2 stainless steel mesh to remove extraneous fascia. The net volume of tissue presented in the homogenates was determined as the difference 
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Saline/gas and homogenate/gas partition coefficients (l S/g and l H/g ) were determined by a method of two-stage headspace equilibration by gas chromatography 4 . Twenty millilitre gas-tight glass syringes capped with three-way stopcocks were precisely calibrated by water displacement to internal volumes of 4 ml and 20 ml (including the stopcock) and then sealed by coating the plunger with a thin layer of silicone grease. The tightness and non-absorbency of anaesthetics in these greasesealed syringes were tested before the study. The concentration of anaesthetic vapour in the syringes decreased by no more than 2% over eight hours. Approximately 7 ml of saline or homogenate was added to the syringe and anaesthetic gas mixture (containing 5% halothane, 2.5% sevoflurane and 5% isoflurane) to the 18 ml mark and the stopcock was closed. The syringe was shaken vigorously and immersed in a water bath at 37°C. After one hour, the plunger of the syringe was withdrawn to the 20 ml mark with the stopcock closed, thereby creating a slightly negative pressure. The stopcock was then opened briefly, allowing entry of room air and equilibration with ambient pressure. After a two-hour period (the first equilibration period), peak areas of anaesthetics in the gas phase of the syringe were analysed by gas chromatography. All gas in the syringe was expelled, and the homogenate in the syringe was expelled to the 4 ml mark. Then vapour-free air was drawn to the 18 ml mark. The syringe was shaken vigorously and immersed in the water bath at the same temperature as for the first equilibration period. The second equilibration followed the same shaking, volume adjustment to 20 ml and timing as per the first equilibration. At the end of the second equilibration period, peak areas of anaesthetics in gas phase were analysed by gas chromatography 4 (Figure 1 ).
Primary and secondary (compressed gas tank) standards were used to calibrate the gas chromatography. The primary standards (glass flask) were used to calibrate the secondary standards and the secondary standards (tank) were used to calibrate the gas chromatography during each day. All R 2 values for the linear regression between concentration of anaesthetics and peak area of gas chromatography output exceeded 0.9995. The regression equation was used to convert peak area to drug concentration, and peak areas were proportional to concentrations over the entire range of the concentrations tested 4 .
Then l S/g and l H/g were obtained with the following equation:
where l S/g and l H/g represent saline/gas and homogenate/gas partition coefficient respectively; V 4 and V 20 are internal volumes of 4 ml and 20 ml of each glass syringe, precisely calibrated by water displacement; C 1 and C 2 are the anaesthetic concentrations in the gas phase of the syringe at the end of the first and second equilibration, respectively.
Then tissue/gas partition coefficients (l T/g ) were obtained with the following equation:
l T/g =l H/g +(V S /V T )×(l H/g -l S/g ) where l T/g , l H/g and l S/g represent tissue/gas, homogenate/gas and saline/gas partition coefficient, respectively; while V S and V T are the volumes of saline and tissue in the homogenate, respectively.
Anaesthetic concentrations were measured with a gas chromatograph (gOW-MAC, Bethlehem, USA) equipped with a 6 m stainless steel column (0.32 cm internal diameter) packed with Chromosorb ® P-60/80 mesh (Qi-Lu, Ji-Lan City, Shandong, China) maintained at 75°C. Carrier stream flow at 17 ml/minute of nitrogen was delivered through the column to a flame ionisation detector supplied with hydrogen at 40 ml/minute and air at 200 ml/minute. The output from the gas chroma-tography was collected by a TAI-SSC922 integrator and peak areas were automatically calculated. Under these conditions, the peaks for sevoflurane, isoflurane and halothane were completely separated.
Statistical analysis
All data were presented as mean ± standard deviation (SD). For each anaesthetic (halothane, sevoflurane and isoflurane), a comparison was made between pregnant and non-pregnant rats for the blood/gas and tissue/gas partition coefficient for each of the tissues (brain, liver, kidney and heart), testing with the unpaired-samples t-test and corrected for multiple comparisons by the Bonferroni method. In addition, a one-way analysis of variance (ANOVA) compared tissue/gas partition coefficients between each of the tissues. When this analysis resulted in a significant difference, the Student-Newman-Keuls test determined which tissues were different from each other. This system of analysis was repeated for each type of anaesthetic and rat pregnancy type. These ANOVAs were corrected for multiple comparisons by the Bonferroni method. Values were considered statistically different when the Bonferroni corrected value was P <0.05.
RESULTS

Effects of pregnancy on blood/gas and tissue/gas partition coefficients of halothane
The solubility within blood and brain for halothane in the pregnant group (2.90±0.44, 5.55±0.73) was significantly lower than that of the non-pregnant group (3.42±0.23, 6.33±0.64; P <0.05). However, there was no significant difference between the two groups in other tissue solubility (liver, kidney and heart) of halothone (P >0.05) ( Table 1) .
Effects of pregnancy on blood/gas and tissue/gas partition coefficients of sevoflurane and isoflurane
For sevoflurane and isoflurane, no significant difference between pregnant and non-pregnant groups was found for either blood/gas partition or tissue/gas partition coefficients (P >0.05) (Tables 2  and 3 ).
Comparison of each tissue/gas partition coefficient within the three volatile anaesthetics
In pregnant rats, when tissue/gas partition coefficients were compared it was found that there were no significant differences in the brain/gas, liver/gas, kidney/gas and heart/gas partition coefficients. This result was the same regardless of Data are presented as mean ± SD and the number in parentheses indicates the number of specimens studied. P values shown are after Bonferroni correction. l B/g =blood/gas partition coefficients, l T/g =tissue/gas partition coefficients. Data are presented as mean ± SD and the number in parentheses indicates the number of specimens studied. P values shown are after Bonferroni correction. l B/g =blood/gas partition coefficients, l T/g =tissue/gas partition coefficient.
which anaesthetic drug was compared and was also the case when non-pregnant rats were compared (P >0.05). On review the brain tissue/gas partition coefficients in pregnant rats for each anaesthetic drug showed that halothane was greater than isoflurane which was greater than sevoflurane for the brain tissue/gas partition coefficient. Similar results were found with the other tissues (liver, kidney or heart) and within non-pregnant rats.
DISCUSSION
Previous studies have demonstrated that many factors affected blood/gas and tissue/gas partition coefficients, including the anaesthetic drug itself, blood/tissue composition, age and temperature [4] [5] [6] [7] [8] [9] .
Zhou and Liu found that coefficients progressively increased as temperature decreased 4 . Therefore 37° was selected in this study to reflect the solubility at a normal body temperature in rats of 36.5 to 38.5°. This study found that the saline/gas partition coefficients of isoflurane and halothane and the blood/gas partition coefficient of halothane measured at 37° (0.56, 0.71 and 3.42, respectively) were similar to those reported by Lerman and Duncan (0.59, 0.82 and 3.6, respectively) 10, 11 , verifying that this method was reliable and repeatable.
Induction and recovery from halogenated volatile anaesthetics are more rapid in pregnant women than in non-pregnant women. The more rapid recovery has been attributed to a higher ratio of alveolar ventilation to functional residual capacity, a higher fraction of the cardiac output perfusing the vessel-rich tissues, and a higher ratio of alveolar ventilation to cardiac output per kilogram body mass 12, 13 . Another possible explanation however, is the lower solubility of volatile anaesthetics in the blood and tissues (especially brain) of pregnant women.
As predicted from their low tissue solubility during pregnancy, each of the tissue/gas partition coefficients of halothane, isoflurane and sevoflurane in the pregnant groups was lower than its corresponding value in non-pregnant groups. However, only the blood/gas and brain/gas partition coefficient for halothane was significantly different between pregnant and non-pregnant rats.
When a constant alveolar concentration is maintained, the product of tissue volume (Vt, ml) and tissue/gas partition coefficient (l T/g ) determines the capacity for a tissue to store anaesthetic drug (tissue capacity, Ct), (i.e. Ct=Vt×l T/g ). Based on the data in Table 1 , the blood/gas and brain/gas partition coefficients in pregnant groups were lower than their corresponding value in non-pregnant groups for halothane (decreasing 18% for the blood and 14% for the brain), indicating a lower Ct in pregnant groups. Such lower capacity will accelerate the induction and recovery from inhaled anaesthetics and may increase patient safety. However, given our results were based on a rat model, further studies in other animals or human beings are required.
Knowing the partition coefficient of a volatile anaesthetic in the blood and body tissues allows prediction of the rate of increase of anaesthetic concentration in the lungs and other tissues. Because lower solubility accelerates induction and recovery, the order of induction and recovery from fast to slow would be sevoflurane, then isoflurane, then halothane. The representative tissues such as the brain, liver, renal and heart were selected to reflect the uptake and distribution of anaesthetics drugs into the main organs and tissues. We found no significant differences in tissue/gas partition coefficients of brain, liver, kidney and heart between pregnant and non-pregnant rats (P >0.05). The two results above indicate that pregnancy does not alter the distribution rule for volatile anaesthetics.
In conclusion, our study demonstrated that pregnancy decreased blood/gas and brain/gas partition coefficients for halothane. However, pregnancy did not affect liver/gas, kidney/gas and heart/gas partition coefficients of halothane or blood/gas and tissue/gas partition coefficients of sevoflurane and isoflurane. Further studies are required to elucidate the mechanism responsible for this decrease in coefficients for halothane during pregnancy.
